Résumé -L'anisotropie structurale d'un alliage amorphe due au fluage a été observée pour la première fois par diffraction X (méthode de la dispersion en énergie). Cette anisotropie vient uniquement de la polarisation inélastique et disparaît par recuit sous tension nulle. L'écoulement plastique ne fait apparaître aucune anisotropie de structure. Abstract -We present the first evidence of the structural anisotropy of an amorphous alloy due to creep deformation, detected by energy dispersive x-ray diffraction. The anisotropy is due solely to the anelastic polarization and disappears after zero-stress annealing.
II -EXPERIMENTAL METHODS
The samples used in this study are amorphous Fe4oNi4oMo3Si^2 B 5 (Vitrovac-4040) produced by Vacuumschmelze and provided by Dr. H. R. Hilzinger.
The dimension of the sample was 35 um x 15 mm x 70 mm. The sample was annealed under the tensile stress of 800 MPa, which is about 1/4 to 1/3 of the fracture stress, at 300°C for 24 hrs in vacuum of 10 -5 torr.
Usually another piece of ribbon was annealed simultaneously but without the applied stress, and was used as the control sample.
The total elongation of the sample is about 3%, one third of which is anelastic.
The EDXD method is a s p e c t r o s c o p i c t e c h n i q u e of s t r u c t u r e d e t e r m i n a t i o n u t i l i z i n g a w h i t e x-ray s o u r c e and a s e m i c o n d u c t o r e n e r g y s e n s i t i v e d e t e c t o r 121.
W e u s e d a r o t a t i n g a n o d e x-ray g e n e r a t o r w i t h a Mo t a r g e t a n d a n i n t r i n s i c G e d e t e c t o r w i t h t h e r e s o l u t i o n o f a b o u t 250eV a t 20kV.
The m a j o r a d v a n t a g e of t h i s method is i t s h i g h s t a t i s t i c a l a c c u r a c y b e c a u s e o f h i g h p h o t o n c o u n t r a t e s a n d p a r a l l e l p h o t o n c o u n ti n g w i t h o u t a s c a n n i n g . F o r t h e p r e s e n t s t u d y w e a c c u m u l a t e d t y p i c a l l y 5 x l o 6 t o t a l p h o t o n c o u n t s f o r e a c h r u n . T h i s e n s u r e s t h e s t a t i s t i c a l a c c u r a c y , f o r i n s t a n c e b e t t e r t h a n . 5 % f o r t h e h e i g h t of t h e f i r s t peak of t h e s t r u c t u r e f a c t o r .
I n t h e EDXD method t h e d i f f r a c t i o n a n g l e 0 is k e p t c o n s t a n t d u r i n g t h e m e a s u r e m e n t , a n d t h e d i f f r a c t i o n v e c t o r i s g i v e n by 131 = 2/hc E . s i n 0 = 1.014 . E s i n 0
(1) w h e r e g i s i n A-l , a n E i s t h e p h o t o n e n e r g y g i v e n i n keV. Thus t h e s p e c t r u m o f t h e d i f f r a c t e d beam g i v e s t h e s t r u c t u r e f a c t o r o f t h e s a m p l e , a f t e r c o r r e c t i o n s f o r i n e l a s t i c s c a t t e r i n g , m u l t i p l e s c a t t e ri n g , a i r s c a t t e r i n g , d e t e c t o r e f f i c i e n c y and e s c a p e p e a k s and normali z a t i o n by t h e i n c i d e n t beam s p e c t r u m [ 2 1 .
The m e a s u r e m e n t s were c o n t r o l 1 c o n t r o l 2 -, -
Energy (keV)
Deformed by m e c h a n i c a l c r e e p A n n e a l e d w i t h o u t s t r e s s , f o r t h e s a m p l e s a s -r e c e i v e d , m e c h a n i c a l l y c r e p t , and a n n e a l e
d w i t h o u t s t r e s s ( t o p ) . c a r r i e d o u t w i t h t h e d i f f r a~t i o n~v e c t o r p a r a l l e l and p e r p e n d i c u l a r t o t h e a x i s o f t h e a p p l i e d s t r e s s , a , i n o r d e r t o d e t e r m i n e t h e s t r u c t u r a l a n i s o t r o p y .
A t r a n s m i s s i o n g e o m e t r y was c h o s e n t o m i n i m i z e t h e e f f e c t of g e o m e t r i c a l a n i s o t r o p y of t h e s a m p l e s u r f a c e ; t h e s u r f a c e of t h e s a m p l e was m a c r o s c o p i c a l l y u n i f o r m , b u t u s u a l l y t h e r e a r e v e r y s m a l l p o c k e t s d u e t o t r a p p e d g a s d u r i n g t h e p r o d u c t i o n of t h e a l l o y hy m e l t s p i n n i n g , which a r e e l o n g a t e d a l o n g t h e d i r e c t i o n of t h e r i b b o n .
A l s o i n o r d e r t o a v o i d t h e e f f e c t o f d r i f t s i n t h e e l e c t r o n i c z , t h e measurem e n t s were done a l t e r n a t i n g l y i n two s a m p l e d i r e c t i o n s , a / / e and 2 1 9, t y p i c a l l y 1 h o u r e a c h , and t h e s p e c t r a were a c c u m u l a t e d s e p a r a t e l y .
The d i f f r a c t i o n s p e c t r u m and t h e d i f f e r e n c e b e t w e e n t h e s p e c t r a w i t h a p a r a l l e l and p e r p e n d i c u l a r t o q, A 1 = I ( / / ) -I ( l ) , a r e g i v e n i n F i g . 1. A t t h i s d i f f r a c t i o n a n g l e ( 2 8 = 1 5 ' ) t h e p h o t o n e n e r g y E i s r e l a t e d t o q by q = 0.132 E. Thus t h e peak a t a r o u n d 23 keV c o r r e s p o n d s t o t h e f i r s t peak of t h e s t r u c t u r e f a c t o r a t 3.1 Two s h a r p p e a k s a t 1 7 . 4 and 19.6 keV a r e d u e t o f l u o r e s c e n t r a d i a t i o n from Mo atoms, w h i l e s m a l l e r p e a k s a t 6 -9 keV a r e t h e F e and N i f l u o r e s c e n t p e a k s .
The d i f f e r e n c e s p e c t r u m A 1 f o r t h e a s -r e c e i v e d s a m p l e shows t h i s p a r t i c u l a r s a m p l e is n e a r l y i s o t r o p i c . T h i s , however, i s n o t a l w a y s t r u e . O t h e r s a m p l e s of s i m i l a r c o m p o s i t i o n o f t e n showed s m a l l a n i s ot r o p y .

The c o n t r o l s a m p l e s a n n e a l e d w i t h o u t t h e a p p l i e d stress remained i s o t r o p i c a £ t e r a n n e a l i n g , b u t two s a m p l e s deformed by m e c h a n i c a l
c r e e p showed s i q n i f i c a n t a n i s o t r o p y a s i l l u s t r a t e d i n F i g . 1; t h e m a g n i t u d e of A 1 i s a s l a r g e a s 10% of I i t s e l f .
The s i m i l a r i t y of t h e two s p e c t r a f o r d i f f e r e n t s a m p l e s shows a good r e p r o d u c i b i l i t y o f t h e r e s u l t s . The d i f f e r e n c e s p e c t r u m r e s e m b l e s t h e d e r i v a t i v e of t h e o r i g i n a l s p e c t r u m . T h i s means t h a t t h e f i r s t peak s h i f t e d toward s m a l l e r v a l u e s of q f o r t h e p a r a l l e l (5,'s) d i r e c t i o n w h e r a s f o r t h e p e r p e n d i c u l a r d i r e c t i o n i t s h i f t e d t o l a r g e r v a l u e s o f q.
Such a s h i f t i n e x p e c t e d when t h e s a m p l e is u n i f o r m l y e l a s t i c a l l y d e f o r m e d ; a t o m i c d i s t a n c e s i n t h e d i r e c t i o n of t h e stress i n c r e a s e w h i l e t h o s e p e r p e n d ic u l a r t o t h e stress d e c r e a s e .
The e q u i v a l e n t e l a s t i c s t r a i n w h i c h would p r o d u c e s u c h a s h i f t i s a b o u t 0.5%. T h i s , however, d o e s n o t imply t h a t t h e r e is a r e a l m a c r o s c o p i c e l a s t i c s t r a i n i n t h e s y s t e m , s i n c e t h e measurement was done i n a z e r o stress c o n d i t i o n . I t was f o u n d t h a t t h e a n i s o t r o p y i n t h e s t r u c t u r e f a c t o r a t t h e p o s i t i o n of t h e s e c o n d peak d o e s n o t r e s e m b l e t h e d e r i v a t i v e of t h e s t r u c t u r e f a c t o r , b u t i t r e s e m b l e s t h e s t r u c t u r e f a c t o r i t s e l f .
T h e r e f o r e we c o n c l u d e t h a t t h e r e i s a l o n g r a n g e u n i f o r m i n t e r n a l s h e a r s t r a i n of 0.5% w h i c h is b a l a n c e d by t h e s h o r t r a n g e ( m o s t l y n e a r e s t n e i g h b o u r ) a t o m i c r e a r r a n g e m e n t s .
I n o t h e r words t h e a p p a r e n t l o n g r a n g e s t r a i n i s p r o d u c e d by t h e l o c a l t r a n s f o r m a t i o n of t h e a t o m i c c l u s t e r s which a c t l i k e s h e a r t r a n s f o r m e d i n c l u s i o n s .
I t was found t h a t t h i s s t r u c t u r a l a n i s o t r o p y i s g r a d u a l l y d e c r e a s e d by t h e s u b s e q u e n t a n n e a l i n g w i t h o u t a n a p p l i e d s t r e s s , a s shown i n F i g .
2.
The l o g a r i t h m i c p l o t , F i g . 3 , shows t h a t t h e r e l a x a t i o n of t h e a n i s o t r o p y i s l o g a r i t h m i c w i t h t i m e , a s i s o f t e n s e e n f o r r e l a x a t i o n phenomena i n g l a s s e s . I t i s i m p o r t a n t , however, t h a t t h i s l o g a r i t h m i c d e c a y a p p e a r s t o e x t r a p o l a t e t o z e r o .
I n o t h e r words t h e s t r u c t u r a l a n i s o t r o p y i s e s s e n t i a l l y r e c o v e r a b l e , t h e r e f o r e i t i s a l m o s t p u r e l y d u e t o a n e l a s t i c i t y .
The t o t a l s t r a i n o f 3% i n d u c e d by t h i s c r e e p e x p e r i m e n t i n c l u d e s a l a r g e f r a c t i o n ( -2/3) o f u n r e c o v e r a b l e p l a s t i c s t r a i n d u e t o v i s c o u s f l o w , b u t a p p a r e n t l y s u c h a p l a s t i c d e f o r m a t i o n l e a v e s no s t r u c t u r a l a n i s o t r o p y b e h i n d . l e n g t h s o f a n n e a l i n g t i m e .
-F i g . 3 T h e a m p l i t u d e o f t h e d i f f e r e n c e s p e c t r a ( t h e f i r s t p e a k r e g i o n ) i n F i g . 2 p l o t t e d a g a i n s t t h e l o q a r i t h m o f t h e a n n e a l i nq t i m e . 
